Anti-VPg immunoprecipitable RNA labeled in vitro during a poliovirus RNA polymerase reaction was formed by the elongation of VPg-containing template fragments rather than by initiation with VPg. The reaction was dependent on a host factor (terminal uridylyl transferase). The incorporation of labeled UTP could be detected with only the host factor present.
Poliovirus is a single-stranded RNA virus of positive polarity with poly(A) at its 3' end (7, 14, 18) . It encodes a primer-dependent RNA polymerase, which has been purified and shown to utilize oligo(U) to copy virion RNA in vitro (3, 9, 16, 17) . A protein from uninfected cells termed host factor can replace oligo(U) in the initiation of RNA synthesis in cell-free systems (2, 3, 5, 6) . We have found that the host factor is a terminal uridylyl transferase which adds uridylic acid residues to the 3' end of poly(A) on virion RNA (1; N. C. Andrews and D. Baltimore, Proc. Natl. Acad. Sci. USA, in press).
A 22-amino-acid peptide, VPg, is attached to the 5' ends of viral RNAs in vivo (8, 12, 13) . Earlier results suggested that VPg was involved in the initiation of poliovirus RNA synthesis in vitro. Anti-VPg antibodies immunoprecipitated 1% of the material labeled with [a-32P]UTP in the host factorstimulated replicase reaction, and these products yielded specific low-molecular-weight bands when analyzed by electrophoresis (4, 11) . These small molecules were thought to be nascent transcripts primed by VPg. In this communication, we present evidence that they are, instead, aberrant products unrelated to the replication of intact molecules of RNA.
To find out which components of the replicase reaction were required for the synthesis of anti-VPg immunoprecipitable products, we incubated various combinations of viral polymerase, host factor, and viral RNA with [(x-32P]UTP in replicase reaction mixtures (1) and immunoprecipitated the products with anti-VPg antibody (4). As shown previously (4, 11) , host factor plus highly purified viral polymerase and viral RNA incorporated labeled UTP into anti-VPg immunoprecipitable products (Fig. 1, lane 4) , but in the absence of host factor no reaction was evident (lane 3) . Surprisingly, however, host factor alone formed similar products (Fig. 1, lane 1 Replicase reactions were carried out with virion RNA which had or had not been predigested with proteinase K. Products were immunoprecipitated with anti-VPg antibodies and electrophoresed through 12.5% polyacrylamide-sodium dodecyl sulfate gels. Autoradiograms of two gels are shown here. Lanes 2 and 4 show products of reactions in which the template had been partially predigested; lanes 6 and 8 show products of reactions in which the template had been completely predigested. Lanes 1, 2, 5, and 6, Crude viral polymerase plus host factor; lanes 3, 4, 7, and 8, highly purified viral polymerase plus host factor. Crude viral polymerase was severalfold more active than highly purified viral polymerase, although this is not evident from lanes 1 and 3 because of overexposure.
the incorporation of [a-32P]UTP in the absence of viral polymerase.
In the absence of viral polymerase, no source of viral protein is added, except for the VPg present on input template RNA. Thus, it must provide the antigenicity that mediates immunoprecipitation. The incorporated radioactivity behaves as if it were covalently linked to VPg-containing RNA (4), implying that either short, 5'-terminal fragments of virion RNA are being elongated by host factor or VPg is being recycled from the template by cleavage and reutilization.
To examine whether the VPg from virion RNA was also (Fig. 2, lanes 1 to 4) . Complete digestion prior to the replicase reaction made the products totally lose antigenicity (Fig. 2, lanes 5 to 8) . Predigestion did not interfere with the ability of RNA to stimulate the incorporation of [a-32P]UTP into nonimmunoprecipitable products (data not shown). Thus, it appears that all immunoprecipitable products in these reactions gain their antigenicity from VPg on input RNA molecules.
In the presence of viral polymerase, in vitro synthesis of labeled, anti-VPg immunoprecipitable products was stimulated by the inclusion of ATP, GTP, and CTP (4). The dependence on all four nucleotides suggests that the products are heteropolymers, although nascent negative strands should contain predominantly poly(U). By contrast, in the absence of viral polymerase, synthesis was not impaired by the omission of any one of the three unlabeled nucleotides (Fig. 3) . This result is consistent with evidence that the host factor is terminal uridylyl transferase and that this enzyme makes polymers consisting mainly of UMP moieties. There was a slight stimulation when CTP was omitted (Fig. 3, lane  4) , presumably because CTP weakly competes with UTP as a substrate for terminal uridylyl transferase (1). Thus, the immunoprecipitable material made by terminal uridylyl transferase in the presence of viral RNA consists of short RNA molecules containing labeled stretches of UMP residues. These RNA molecules could either be elongated fragments of viral RNA or de novo-synthesized poly(U) primed by VPg removed from the input viral RNA.
Because free VPg is not a substrate for terminal uridylyl transferase (Andrews and Baltimore, in press), we examined whether the host factor-mediated incorporation might be due to the elongation of 5'-terminal fragments of viral RNA. To this end, we prepared a filter with bound, defined fragments of cloned poliovirus cDNA and hybridized the labeled RNA to it. If the incorporation occurred selectively on the ends of 5'-terminal RNA, the labeled RNA should hybridize to 5' but not 3' DNA fragments.
Immunoprecipitated RNA was treated with proteinase K as described above and added to hybridization buffer (50% formamide, 100 p.g of tRNA per ml, 0.45 M NaCl, 45 mM sodium citrate). Filters were prepared by standard proce- 
